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The summation over k























































































, the products should be understood

























































3. Limits for four dimensional commuta-
tive Maxwell theory
In this section we are going to dene a decou-
pling limit and a commutative limit in the matrix
model. We assume the spacetime dimension is al-
most equal to 4 and coordinates are almost com-
mutative. It dose not have to be exact 4 dimen-
sional commutative spacetime. The stand point
of this paper is in 10 dimensional noncommuta-
tive one. Our strategy is getting the above brane
world from the matrix model in 10 dimension, by
ne tuning the parameters 

; (;  = 0  9).
To explain this by string terminology, we need
identify strings in the matrix model. It is possi-
ble[3][8]. We will summarize it in our case. The
von Neumann lattice is the best representing the
intuitive spacetime. It is constructed by using
coherent state of operators of the noncommuta-
tive coordinates which forms Heisenberg algebra:













. Because of the noncommutativity,
states cannot be localized. So, elds are naturally
represented as bi-local ones, which are functions
of two points. Small momentum modes corre-
spond ordinary (commutative) eld. Large mo-












is a vector which connects two points





. The length of
open string is d

0
and the momentum which can
be associated with the center of mass motion of






















































3.1. Getting four dimensional spacetime









]! 0 ;  = 4  d  1 : (3.5)
This means the dimension of brane get down by
two in  directions, so it is natural denition.




! 0 or 1 ; k
c;
! 0 : (3.6)
The momenta of the open strings k
c
goes to
zero. If one considers the higher order correction
to propergator of bi-local eld, then the oscilla-
tion of open string are seen by collecting open
strings bits(see g.). In the limit, however, the
3momentum of the bits are goes to zero and the
open string cannot make loop and is decoupled
from closed strings in bulk.
2
3.2. Commutative limit
Let us think about the opposite limit:

01;23




























). Momenta commute to themselves








] = 0. So this
limit can be called commutative limits.




































Now we can draw a scenario of getting an al-
most commutative near 4 dimensional spacetime.
We start from d dimensional solution of the ma-





;    ; 
d 2 d 1
. We think of re-
gions near following limits:

01;23




These features are parallel to string theory approach by
the world sheet with NS-NS B led[?]. In order to see
this clearly we can use the relation between string theory
and the matrix model. In the paper[4] we have gotten the
relation between IIB open string with a D-brane having
both electric and magnetic eld on the D-brane and the
matrix model solution having both spacetime and spaces-
pace noncommutativity.






are dierent from each other:

01
!1 ; while 
01
s
: nite ; (3.7)
and consistent with string theory approach.
Then we have a 4 dimensional commutative
spacetime. This is not dynamical determination,





























open string consisting of string bits.
4. Electric-Magnetic Duality in Matrix
Model (d=4 case)
In this section we consider the electric-
magnetic duality of NCU(1) on a D3-brane in the
matrix model.




































This is a spacetime-spacespace duality as well as
electric-magnetic and strong-weak.
Next we will see this in our case. By using
eq.(2.11), the dual Yang-Mills coupling and non-



































Since there is a relation eq.(2.11) in original the-
ory, we would like the dual theory also to have

































4We try to explain this by imaging a duality
web. The partition function of the matrix model
is not changed under suitable rescaling of ma-
trices. That is, rescaling of coupling g dose not
change the model. We have started with a g and
chosen an arbitrary back ground . On the other






















= 1 ; (4.4)
then two NCU(1)'s are the dual to each other.
This duality transformation is just rescaling: g !
g
D
, which is a symmetry. It is natural to under-
stand this if we remind type IIB superstring is
self S-dual and its matrix model too.
Finally let us see, in particular, more simple
and familiar case. We can nd the dual pair of
NCU(1) from the matrix model with the same g,
and nd the electric-magnetic duality for usual
commutative Maxwell equations. The U(1) cou-
pling g
YM
cannot to be identity by rescaling of
the gauge eld A in noncommutative case. But,
in the matrix model framework, it is possible.














= 1. Then the dual noncommuta-

















) = (B; E) + O() : (4.5)
Thus, Maxwell equations without the sources
have a duality in the following commutative limit:
; 
D






= 1 : (4.6)
5. Conclusions
We have
considered the decoupling-commutative limit and
the electric-magnetic duality in the matrixmodel.
ddimensional spacetime can be constructed as
D(d 1)-brane solution of the model. It has non-
selfdual solutions which we have treated in this









ity transformation changes those parameters as
eq.(4.2), as well as Yang-Mills coupling and elec-
tromagnetic elds. In addition, it corresponds to
the rescaling of matrices in the original matrix
model, which has S-duality symmetry. In partic-
ular solution related to a g, its duality is just the
duality of U(1) Maxwell theory: eq.(4.5).
Decoupling limits have been dened as eq.(3.4).
Open strings are decoupled from closed strings
by looking into their momenta, and the tension







are dened as eq.(3.8). Noncommutativity pa-
rameters manage making our 4 dimensional com-
mutative spacetime. When 
45;67;;d 2 d 1
!1
corresponding directions decouple while 0  3 di-
rection commutes as 
01;23
! 0. Staring from
higher dimensional brane, we can get an almost
commutative and near 4 dimension spacetime, by
ne tuning of those parameters.
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